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[Detailed Description of the Invention] ^ 
[0001] > 
[Industrial Application] This invention relates to the diamond gaseous-phase composition approach and 
equipment, and relates to the manufacture approach of the diaphragm made from a diamond and 
equipment which are especially used for a loudspeaker etc. 
[0002] 

[Description of the Prior Art] Young's modulus of a diamond is very high, and since specific gravity is q> 
small, the propagation velocity of an acoustic wave is the ingredient which resembled 1 8000 km/s Q) 
markedly compared with other ingredients, and was very excellent as diaphragms, such as a 
loudspeaker, headphone, and a microphone, since [ this ] it was high. In spite of very high acoustic 
velocity, the diamond film furthermore manufactured by gaseous-phase composition has an internal loss 
moderately, and can just be said to be an ultimate ingredient as diaphragm material. 
[0003] After the diamond diaphragm formed the diamond film in the front face of substrates, such as Si 
fabricated by the configuration (dome mold) of a diaphragm, by the heat filament method 
conventionally, it was manufactured by the approach of carrying out etching removal of the substrate (a 
radio technique, 1991. April issue, radio technical company). Drawing 9 is the schematic diagram of the 
manufacture approach of the diaphragm made from a diamond by the heat filament method of a 
conventional method, and, for the diamond film and 2, as for a filament and 4, Si substrate and 3 are 
[ one in drawing / gas and 5 ] exhaust air systems. 
[0004] 

[Problem(s) to be Solved by the Invention] However, there were the following problems by the above 
approaches. 

(1) By the heat filament method, the film production rate was as slow as 1 micrometer/h extent, and it 
had long duration in film production. 

(2) In order to form the diamond film of uniform thickness in a curve side, the structure of arrangement 
of a filament and support was very complicated. 

[0005] (3) While exchanging filaments frequently, film production conditions are not stabilized and 
membraneous quality is fixed with neither the elongation of a filament, nor degradation (carbonization). 

(4) The process which carries out etching removal of the substrate is required after diamond film 
production, and it has long duration also in this etching. 

(5) Only the number of the diaphragms which produce dome-like Si substrate must be manufactured. 
[0006] (6) The gas effectiveness of diamond gaseous-phase composition is as low as about several %. 
For this reason, the conventional diamond diaphragm was very expensive and its productivity was also 
bad. 

The purpose of this invention solves the above-mentioned trouble, and is to offer the diamond gaseous- 
phase composition approach and equipment which can manufacture a diamond diaphragm etc. with 
cheaply sufficient productivity. 
[0007] 
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[Means for Solving the Problem] This invention offers the manufacture approach of the diamond 
shaping film characterized by including the process at which the diamond film exfoliates from a 
substrate automatically according to the difference of the coefficient of thermal expansion of a diamond 
and a substrate in the process for which the substrate of a predetermined configuration is prepared, the 
process which makes the diamond film deposit on a substrate with DC plasma jet CVD method, and the 
process in which the substrate temperature after film production falls, in order to attain the above- 
mentioned purpose. 

[0008] according to this invention, compared with a conventional method, the diamond film used as 
diaphragms, such as a loudspeaker, can be boiled markedly, and can be cheaply manufactured with 
sufficient productivity at few processes by compounding with DC plasma jet CVD method (JP,64- 
33096,A) in a short time. DC plasma jet CVD method is the high-speed composition approach of a 
diamond that the film production rate of several 100 micrometer/h is obtained by making it blow off 
from a torch nozzle by using as plasma jet hot thermal plasma which made it generate by DC arc 
discharge, and making this plasma jet irradiate a substrate. It is performing diamond film production by 
this approach, and is [0009]. (1) Film production time amount can be set to 1 /hundreds from 1 /dozens 
compared with the heat filament method. 

(2) Since this approach is an approach of spraying the plasma jet made blowing off from a plasma torch 
on a substrate, it does not require the complicated activity of adjustment of a filament like the heat 
filament method, re-covering, etc., and can manufacture a lot of products continuously. 

(3) A substrate is made into a convex type and a concave. By making it a concave, sound emission 
drawing can be made smooth. Moreover, if a convex type is used, a voice coil bobbin is also 
compoundable by one. 

[0010] Moreover, in case substrate temperature is lowered by the thing of a substrate for which a 
diamond and the bad ingredient of adhesion are used for a front face at least after ending diamond 
composition, the diamond film exfoliates from a substrate automatically according to the difference of 
the coefficient of thermal expansion of a diamond and a substrate ingredient. For this reason, while 
being able to skip the process of exfoliation, diamond film production can be continuously carried out 
with one substrate. 

[001 1] As an ingredient of a substrate which is a front face at least, bonding strength with a diamond is 
weak and the ingredient with large coefficient of thermal expansion and thermal conductivity is suitable. 
Since adhesion with a diamond is high compared with other ingredients, specifically, the metal which is 
easy to form carbide, such as silicon, molybdenum, and a tungsten, is not desirable. Since the metal 
which is easy to dissolve carbon, such as iron, nickel, and cobalt, cannot form a good diamond easily, it 
is not desirable. The metal and ceramics which can make neither carbon, such as copper, gold, and 
platinum, a compound nor the solid solution easily are suitable as a substrate ingredient. Moreover, 
composite material like caribide (WC-Co) and covering material like TiC covering stainless steel are 
also effective as a substrate. In addition, when the thickness of a diamond is thick, it is possible for the 
diamond film to also make the metal which is easy to form carbide, such as molybdenum, exfoliate 
without a crack or a crack from a substrate. 

[0012] Moreover, according to this invention, the gaseous-phase composition approach of the diamond 
characterized by including the process which compounds a diamond with a chemistry vapor phase 
synthetic method by making a carbon compound into material gas, and the process which recycles gas 
after using it for composition of a diamond as a part of material gas is offered. Although about several% 
of amount of the total capacity is usually supplied for hydrocarbon gas, such as methane, to this as a 
carbon source in diamond composition with DC plasma jet CVD method, using an argon and hydrogen 
as plasma gas, since the conversion efficiency to the diamond of hydrocarbon gas is several or less %, 
the use effectiveness of gas is very bad. Therefore, since what is necessary is to supply only the carbon 
content consumed by diamond composition if it is used circulating the gas used, consumption capacity 
decreases extraordinarily. Although the presentation of the hydrocarbon in the gas exhausted from a 
chamber differs from the presentation supplied to a torch, the effect according to the difference in the 
class of hydrocarbon gas with DC plasma jet CVD method is small. 
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[0013] then, by carrying out recycling use of the gas used for gaseous-phase composition of a diamond, 
the consumption of gas is boiled markedly, and can be decreased and, thereby, diamond composition 
cost can be reduced sharply. This approach is widely [ not only manufacture of diaphragms, such as a 
loudspeaker, but ] effective in the general plasma CVD of a diamond. However, since gas is used above 
so much from an approach given in drawing 9 with DC plasma jet CVD method especially, of course, 
this effectiveness is also more large. 

[0014] Although inert gas + hydrogen is supplied to a plasma torch, the plasma is generated, a carbon 
compound is typically supplied to the plasma flame from the outside of a torch and a diamond is 
compounded in the diamond gaseous-phase composition using DC plasma torch, since inert gas, 
hydrogen, and a carbon compound (an unreacted object, resultant) are mixed when carrying out 
recycling of the gas, generally a plasma torch will be supplied in the form of mixed gas, without 
separating this. Since this recirculating gas shifts from a re-** ******** presentation for a while, it is 
desirable to supply a plasma torch by making into material gas what carried out the component analysis 
and supplied insufficient hydrogen, a carbon compound, etc. As a presentation analyzer, a gas 
chromatograph and a mass spectrograph are suitable, and a mass spectrograph is suitable in order to be 
especially continuous analysis. 

[0015] When the material gas which contains a carbon compound to a plasma torch is supplied, there is 
a fault to which carbon adheres to the anode front face of a plasma torch, the stability of discharge falls 
to, and the membraneous quality of the diamond film falls. However, when making the gas flow rate 
near the anode spot of DC plasma torch into 5 or more m/s as a result of examination of this invention 
persons, it was found out that adhesion of this carbon can be prevented. 

[0016] According to this invention, it has similarly DC plasma torch and the substrate for diamond 
deposition which counters at this in a reduced pressure chamber. The diamond gaseous-phase 
synthesizer unit characterized by consisting of an ingredient which has the configuration in which this 
substrate carries out a sign to a product configuration, and cannot build carbon, a compound, or the solid 
solution easily, It has DC plasma torch and the substrate for diamond deposition which counters at this 
in a reduced pressure chamber. And the material gas supply system to a plasma torch, The diamond 
gaseous-phase synthesizer unit characterized by having a gas excretory system from a reduced pressure 
chamber and the gas recycling system to which recycling of the gas is carried out from a gas excretory 
system to a material gas supply system is offered. 
[0017] 

[Example] Drawing 1 is drawing explaining the principle of the method of producing the diamond film 
by the plasma jet CVD method. The plasma jet 8 which contains carbon from a plasma torch 7 is 
injected, and the diamond film 10 is produced on a substrate 9. Since plasma jet 8 is an elevated 
temperature very much, it cools a substrate 9 by cooling water 1 1 . Here, if the substrate is made into the 
configuration of a desired product (for example, diaphragm of a loudspeaker), the diamond film 10 will 
be obtained by the product configuration. 

[0018] This invention is especially turned to manufacture of diaphragms, such as a loudspeaker by DC 
plasma jet CVD method. DC plasma jet CVD method generates hot thermal plasma by DC arc discharge 
in a plasma torch 7 like the above, and makes it blow off from the nozzle of a plasma torch, it is the 
approach of carrying out high-speed composition of the diamond on a substrate, and the film production 
rate of several 100 micrometer/h is obtained. 

[0019] Moreover, by using the bad ingredient of adhesion with carbon as a substrate, the diamond film 
exfoliates automatically from a substrate at the time of after [ film production ] cooling, and productive 
efficiency improves extremely. Drawing 2 shows the configuration of the plasma jet CVD system which 
has the gas circulatory system. For a plasma torch and 13, as for a chamber and 15, a substrate and 14 
are [ 12 / a substrate rotation device and 16 ] power sources among drawing 2 . Although immobilization 
is sufficient as a substrate 13, since the homogeneity of thickness or membraneous quality will improve 
if rotation and migration can be performed during film production, it is desirable to establish the 
substrate rotation device 15. 

[0020] A chamber 14 is exhausted with a vacuum pump 19 through a filter 17 and a bulb 18, and after 
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compressing this exhaust gas by the compressor 21 through an oil trap 20, it is stored in a tank 22. In 
order to prevent mixing of oil as a vacuum pump here, a dry pump is desirable, and since the powder of 
a diamond etc. is mixing during the exhaust air from a chamber, it is necessary to let a filter pass. It is 
better to form the compressor and buffer tank other than a vacuum pump, in order to make easy control 
of the flow rate of the gas supplied to a torch, and a pressure. 

[0021] Since it is desirable for a presentation to be fixed in order that the gas by which recycling is 
carried out may realize stable diamond composition from a tank 22 to a chamber 14, a component 
analysis is carried out with the gas analyzers 23, such as a chromatograph and a mass spectrograph, the 
flow controller 26 of the chemical cylinder 25 which contains a hydrocarbon, hydrogen, and an argon 
through a data processor 24, respectively is operated, circulating gas is supplemented with required gas 
27, and a gas presentation is kept constant. 

[0022] As gas, the gas other than an argon, hydrogen, and hydrocarbon gas, such as halogen gas and 
hydrogen halide gas, may be used for oxidizing gases, such as carbon compound gas, such as inert gas, 
such as helium, a carbon monoxide, and chlorination carbon, oxygen, and a steam, and a pan if needed. 
In this way, the recirculating gas which had the presentation adjusted is re-supplied to a plasma torch 12 
through the mass flow meter 28. 

[0023] With DC plasma jet CVD method, although the rate of the gas bill closed to film production cost 
is high in order to use a lot of gas compared with a conventional method, film production cost can be 
further reduced by reducing the amount of the gas used sharply by circulating gas and using. However, 
adhesion of carbon in an electrode poses a problem here. Usually, if hydrocarbon gas is also supplied 
between the anode of a torch, and a cathode as plasma gas with DC plasma jet CVD method, carbon 
solidifies in an anode front face and it grows up, and this will reduce the stability of discharge and will 
worsen membraneous quality. As a result of this invention persons' repeating examination to this 
problem, while the anode spot where an arc and an anode touch was made not to be fixed to one point, it 
is raising the gas flow rate near the anode spot, and found out that adhesion of carbon was lost. 
[0024] Drawing 3 is the schematic diagram of the torch of this invention ( drawing 3 B) and a 
conventional method ( drawing 3 A). For a cathode and 32, as for an arc and 34, an anode and 33 are 
[ 3 1 in drawing / the anode spot and 35 ] plasma jet. Although the anode spot is located in a 
conventional method in the location where the rate of flow near the nozzle of a torch is slow, since the 
hydrodynamic count which, by the way, took into consideration decomposition of the gas by arc 
discharge, ionization, the rise of temperature, etc. in order [ which adhesion of carbon cannot produce 
easily ] to know the gas flow rate in the inside of a torch and the circumference since the anode spot was 
located in the location where the rate of flow inside a torch is quick is required of the torch of this 
invention, it is difficult to ask for the gas flow rate to which carbon does not adhere quantitatively. 
When it was 5 or more m/s without the average gas flow rate in a nozzle taking the temperature rise by 
discharge into consideration, the result of being hard to produce adhesion of carbon was obtained from 
the experiment which changed the diameter of a nozzle, and the quantity of gas flow ( drawing 4 ). 
Moreover, in order to make it not make the anode spot fix to one point, it is good to be able to consider 
how to make plasma gas a revolution style and the method of impressing a magnetic field to an arc, and 
to use these approaches positively. 

[0025] It cannot be overemphasized that the approach of circulating this gas can be applied also to 
diamond products other than a diaphragm (for example, a tool, a heat sink, aperture material), and such 
costs can be lowered. 

an example 1 — the whole equipment is shown in drawing 6 and a gas system is shown for the plasma 
torch section of the equipment used for actually compounding the diaphragm of a loudspeaker in 
drawing 5 at drawing 7 . 

[0026] drawing 5 -- setting -- 40 a cathode and 41 -- the first anode and 42 - the second anode and 43 
- the third anode and 44 -- a magnet and 45 - an insulator and 46 - the first plasma gas and 47 -- the 
second plasma gas and 48 — the first shielding gas and 49 — for the second power source and 52, as for 
an arc and 54, the first power source and 53 are [ the second shielding gas and 50 / the third power 
source and 51 / the anode spot and 55 ] plasma jet. This plasma torch is what improved the Mie anode 
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mold plasma torch (Japanese Patent Application No. No. 103953 [ five to ]) with which a large plasma 
exposure area which this invention persons developed before is obtained, and in order to prevent 
adhesion of carbon, it makes high the gas flow rate near [ three ] the anode spot. The first anode 41 
makes a tip sharp, it loses the stagnation of a gas stream, it makes it a long and slender configuration so 
that the anode spot may come by the second anode 42 in a nozzle, and specifically, it is passing 
shielding gas with the third anode 43 around the anode spot. Moreover, in order to rotate the anode spot 
54, while carrying out gas in the style of revolution and passing it, a permanent magnet is arranged and 
rotation is promoted in the operation of a magnetic field. 

[0027] In drawing 6 and drawing 7 60 a substrate and 62 for a plasma torch and 61 A substrate rotation 
device, 63 a chamber and 65 for a substrate refrigeration unit and 64 A torch refrigeration unit, In 66-68, 
a power source and 69 the gas circulatory system and 71 for a data processor and 70 An exhaust pipe, In 
gas piping and 73, cooling water and 74 a signal line and 76 for a power-source line and 75 A vacuum 
gage, [ 72 ] 77 a pressure control valve and 79 for a filter and 78 A mechanical booster pump, 80 an oil- 
mist trap and 82 for a dry vacuum pump and 81 An external exhaust air system, 83 - a compressor and 
84 - a chemical cylinder and 85 ~ a regulator and 86 - a flow controller and 87 - a buffer tank and 88 - 
- for a gas presentation analyzer and 91, as for piping and 93, a data processor and 92 are [ a regulator 
and 89 / a flow controller and 90 / a bulb and 94 ] signal lines. 

[0028] A substrate 61 is copper water cooling which has concave with an aperture [ of 60mm ], and a 
depth of 15mm, and it has structure which can move in the vertical direction and the XY direction while 
it rotates to a shaft center. A chamber is water-cooled dual structure and can observe the interior from 
the aperture of quartz glass. The gas circulatory system is supplied to a torch 60 through the filter 77 for 
dust, the pressure control valve 78 interlocked with the manometer, a mechanical booster pump 79, the 
dry vacuum pump 80, an oil trap 81, a compressor 83, the buffer tank 87, a regulator 88, and a flow 
controller 89 as the first plasma gas 46, the second plasma gas 47, the first shielding gas 48, and the 
second shielding gas 49 from a chamber outlet. The gas chromatograph 90 is attached to buffer tank 87 
outlet, a gas presentation is always analyzed, and gas is supplied to the buffer tank 87 from the gas 
supply systems 84-86 of an argon, hydrogen, and methane through a data processor 91 based on the 
data. The atomic concentration of an argon, hydrogen, and carbon is calculated from argon 
concentration, hydrogen concentration, and various hydrocarbon concentration, and additional supply of 
gas is controlled by gas analysis based on this. 

[0029] The diamond diaphragm was manufactured in the following procedures using this equipment. 
** An argon, hydrogen, and methane were supplied until it became six atmospheric pressures on the 
buffer tank, so that it might become 66% of hydrogen, and 2% of carbon argon 32% by atomic 
concentration after exhaust air to 10-3torr about the whole equipment. 

** Discharge is started by first plasma gas 20 1/min, second plasma gas 60 1/min, first shielding gas 20 
1/min, second shielding gas 20 1/min, first anode current 20A, second anode current 60A, and third 
anode current 40A, and the pressure control valve was made to be set to chamber internal pressure 
50torr. 

[0030] ** After discharge was stabilized, the substrate was brought close to a torch, measuring the 
temperature of a copper substrate with an infrared thermometer, diamond composition was performed at 
900 degrees C for 20 minutes, and the diamond diaphragm with a thickness of 40 micrometers was 
produced. 

** The chamber was leaked after [ of discharge termination ] 3 minutes, it already exfoliated from the 
substrate, and the diamond diaphragm which is on the substrate was taken out. 

[0031] ** After cleaning simply the top face of a substrate, a side face, a chamber inside, etc., lowering 
a substrate and exhausting to 10-3torr, a diamond diaphragm can be continuously manufactured by 
repeating the above-mentioned ** or subsequent ones. 

** The weld flash of a diaphragm periphery was dropped using the YAG laser, and the diamond 
diaphragm was completed. 

[0032] Thus, when the frequency characteristics of the high-temperature-service loudspeaker 
manufactured using the manufactured diamond diaphragm were investigated, high region resonance 
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frequency is about 35kHz. 10kHz of the loudspeaker made from titanium of the same configuration It 
compares and is sharply high. Moreover, the film production time amount of a diamond diaphragm is 
about 20 minutes, and is 1/120 compared with about 40 hours of the conventional heat filament method. 
Since the time amount which furthermore exfoliates from a substrate can be saved, 1/200 or less is the 
time amount concerning diaphragm manufacture. A manufacturing cost is considered to become a- 100 
1 -/number by compaction of production time, reduction of a process, simplification, and the pan by the 
needlessness of auxiliary materials, such as a substrate and a filament. By the way, although such trial 
calculation is the case where it is compoundable by the heat filament method, it is thought from the 
point of arrangement of a filament, and adjustment that it is very difficult to manufacture a diamond 
diaphragm with an aperture of 60mm by the heat filament method. 

[0033] As shown in example 2 drawing 8 , the diaphragm was manufactured using equipment with the 
torch migration device which can be irradiated from a direction in which the voice coil bobbin should 
also be united in the substrate 61 with the convex type made from caribide (WC-Cu), and the torch 60 
was leaned from the shaft of a diaphragm. 95 in drawing is a torch migration device, and 96 is a cable 
and piping. In addition, the structure of a torch, the gas circulatory system, a substrate rotation device, 
etc. are the same as an example 1 . The aperture of 60mm, height of 1 5mm, and the height of the voice 
coil bobbin section of the convex of a substrate are 5mm. 

[0034] ** An argon, hydrogen, and methane were supplied until it became six atmospheric pressures on 
the buffer tank, so that it might become 66% of hydrogen, and 2% of carbon argon 32% by atomic 
concentration after exhaust air to 10-3torr about the whole equipment. 

** Discharge is started by first plasma gas 20 1/min, second plasma gas 60 1/min, first shielding gas 20 
1/min, second shielding gas 20 1/min, first anode current 20A, second anode current 60A, and third 
anode current 40A, and the pressure control valve was made to be set to chamber internal pressure 
50torr. 

[0035] ** After discharge was stabilized, the substrate was brought close to a torch, measuring the 
temperature of a copper substrate with an infrared thermometer, diamond composition was performed at 
900 degrees C for 20 minutes, and the diamond diaphragm with a thickness of 40 micrometers was 
produced. 

** The chamber was leaked after [ of discharge termination ] 3 minutes, it already exfoliated from the 
substrate, and the diamond diaphragm which is on the substrate was taken out. 

[0036] ** After cleaning simply the top face of a substrate, a side face, a chamber inside, etc., lowering 
a substrate and exhausting to 10-3torr, a diamond diaphragm can be continuously manufactured by 
repeating the above-mentioned ** or subsequent ones. 

** The weld flash of a diaphragm periphery was dropped using the YAG laser, and the diamond 
diaphragm was completed. 

[0037] Thus, when the frequency characteristics of the high-temperature-service loudspeaker 
manufactured using the manufactured diamond diaphragm were investigated, high region resonance 
frequency is about 35kHz. 10kHz of the loudspeaker made from titanium of the same configuration It 
compares and is sharply high. Moreover, the film production time amount of a diamond diaphragm is 
about 20 minutes, and is 1/120 compared with about 40 hours of the conventional heat filament method. 
Since the time amount which furthermore exfoliates from a substrate can be saved, 1/200 or less is the 
time amount concerning diaphragm manufacture. A manufacturing cost is considered to become a- 100 
1 -/number by compaction of production time, reduction of a process, simplification, and the pan by the 
needlessness of auxiliary materials, such as a substrate and a filament. By the way, although such trial 
calculation is the case where it is compoundable by the heat filament method, it is thought from the 
point of arrangement of a filament, and adjustment that it is very difficult to manufacture a diamond 
diaphragm with an aperture of 60mm by the heat filament method. 

[0038] The rest manufactured the diamond diaphragm in the same equipment as an example 1, and a 
procedure using the single anode torch shown in example 3 drawing 3 B. In addition, a substrate is what 
coated the stainless front face with TiC 2 micrometers in thickness, and the magnitude of a depression is 
5mm in the aperture of 30mm, and depth. 
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[0039] ** An argon, hydrogen, and methane were supplied until it became six atmospheric pressures on 
the buffer tank, so that it might become 66% of hydrogen, and 1% of carbon argon 33% by atomic 
concentration after exhaust air to 10-3torr about the whole equipment. 

** Discharge is started by plasma gas 40 1/min and discharge current 60 A, and the pressure control valve 
was made to be set to chamber internal pressure 50torr. 

[0040] ** After discharge was stabilized, the substrate was brought close to a torch, measuring the 
temperature of a copper substrate with an infrared thermometer, diamond composition was performed at 
900 degrees C for 30 minutes, and the diamond diaphragm with a thickness of 30 micrometers was 
produced. 

** The chamber was leaked after [ of discharge termination ] 3 minutes, it already exfoliated from the 
substrate, and the diamond diaphragm which is on the substrate was taken out. 

[0041] ** After cleaning simply the top face of a substrate, a side face, a chamber inside, etc., lowering 
a substrate and exhausting to 10-3torr, a diamond diaphragm can be continuously manufactured by 
repeating the above-mentioned ** or subsequent ones. 

** The weld flash of a diaphragm periphery was dropped using the YAG laser, and the diamond 
diaphragm was completed. 

[0042] Thus, when the frequency characteristics of the high-temperature-service loudspeaker 
manufactured using the manufactured diamond diaphragm were investigated, high region resonance 
frequency is about 80kHz. 20kHz of the loudspeaker made from titanium of the same configuration It 
compares and is sharply high. Moreover, the film production time amount of a diamond diaphragm is 30 
minutes, and is 1/60 compared with about 30 hours of the conventional heat filament method. Since the 
time amount which furthermore exfoliates from a substrate can be saved, 1/100 or less is the time 
amount concerning diaphragm manufacture. A manufacturing cost is considered to become a- 100 1- 
/number by compaction of production time, reduction of a process, simplification, and the pan by the 
needlessness of auxiliary materials, such as a substrate and a filament. 

[0043] The diamond diaphragm was manufactured by the approach of supplying methane to a plasma 
torch as a controlled atmosphere by making an argon and hydrogen into plasma gas with the same 
equipment as example 4 example 3, without performing gas circulation. 

** It is an argon considering 10 1/min and hydrogen as 10 1/min and a controlled atmosphere after 
exhaust air and as plasma gas to 10-3torr about the whole equipment Methane 0.3 1/min Discharge is 
started by sink and discharge current 60A, and the pressure control valve was made to be set to chamber 
internal pressure 50torr. 

[0044] ** After discharge was stabilized, the substrate was brought close to a torch, measuring the 
temperature of a copper substrate with an infrared thermometer, diamond composition was performed at 
900 degrees C for 30 minutes, and the diamond diaphragm with a thickness of 30 micrometers was 
produced. 

** The chamber was leaked after [ of discharge termination ] 3 minutes, it already exfoliated from the 
substrate, and the diamond diaphragm which is on the substrate was taken out. 

[0045] ** After cleaning simply the top face of a substrate, a side face, a chamber inside, etc., lowering 
a substrate and exhausting to 10-3torr, a diamond diaphragm can be continuously manufactured by 
repeating the above-mentioned ** or subsequent ones. 

** The weld flash of a diaphragm periphery was dropped using the YAG laser, and the diamond 
diaphragm was completed. 

[0046] Thus, when the frequency characteristics of the high-temperature-service loudspeaker 
manufactured using the manufactured diamond diaphragm were investigated, high region resonance 
frequency is about 80kHz. It was the same property as an example 3. Although the production time of a 
diamond diaphragm was the same as that of an example 2 and it became or less the heat filament method 
1/100, since there was much consumption of gas, the manufacturing cost became about 4 times of an 
example 2. If still compared with the heat filament method, it will be the cost of a-ten 1 -/number. 
[0047] 

[Effect of the Invention] The manufacture approach of the diamond diaphragm of this invention can 
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make production time and a manufacturing cost a- 100 1 -/number from a-ten 1 -/number compared with 
the approach of using the conventional heat filament method. Moreover, the diaphragm of the diameter 
of macrostomia which cannot be manufactured can also be manufactured by the heat filament method. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the diamond shaping film characterized by including the process 
at which the diamond film exfoliates from a substrate automatically according to the difference of the 
coefficient of thermal expansion of a diamond and a substrate in the process for which the substrate of a 
predetermined configuration is prepared, the process which makes the diamond film deposit on a 
substrate with DC plasma jet CVD method, and the process in which the substrate temperature after film 
production falls. 

[Claim 2] The approach according to claim 1 of using as a principal component the metal or ceramics 
with which the ingredient of the front face of said substrate cannot generate carbon, a compound, and 
the solid solution easily. 

[Claim 3] The approach according to claim 2 of using as a principal component the metal with which the 
ingredient of the front face of said substrate uses copper, platinum, gold, or these alloys as a principal 
component or tungsten carbide, titanium carbide, titanium nitrides, or such composite material. 
[Claim 4] The approach of claim 1-3 given in any 1 term said diamond film is diaphragms, such as a 
loudspeaker. 

[Claim 5] The gaseous-phase composition approach of the diamond characterized by including the 
process which compounds a diamond with a chemistry vapor phase synthetic method by making a 
carbon compound into material gas, and the process which recycles gas after using it for composition of 
a diamond as a part of material gas. 

[Claim 6] The approach according to claim 5 of acting as the monitor of the presentation of said gas to 
recycle, and keeping the presentation of material gas constant. 

[Claim 7] The approach according to claim 5 said chemistry vapor phase synthetic method is DC plasma 
jet CVD method. 

[Claim 8] The approach according to claim 7 the gas flow rate near the anode spot of a plasma torch is 5 
or more m/s. 

[Claim 9] The diamond gaseous-phase synthesizer unit characterized by using as a principal component 
the metal or ceramics which has DC plasma torch and the substrate for diamond deposition which 
counters at this in a reduced pressure chamber, and has the configuration in which this substrate carries 
out a sign to a product configuration, and cannot build carbon, a compound, and the solid solution 
easily. 

[Claim 10] Equipment according to claim 9 which uses as a principal component the metal with which 
the ingredient of the front face of said substrate uses copper, platinum, gold, or these alloys as a 
principal component or tungsten carbide, titanium carbide, titanium nitrides, or such composite material. 

[Claim 1 1] Equipment according to claim 10 or 1 1 in which said substrate carries out a sign to the 
configuration of diaphragms, such as a loudspeaker. 

[Claim 12] The diamond gaseous-phase synthesizer unit characterized by having DC plasma torch and 
the substrate for diamond deposition which counters at this in a reduced pressure chamber, and having 
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the material gas supply system to a plasma torch, a gas excretory system from a reduced pressure 
chamber, and the gas recycling system to which recycling of the gas is carried out from a gas excretory 
system to a material gas supply system. 

[Claim 13] Equipment according to claim 12 with which the gas circulatory system has a compressor, a 
buffer tank, and a gas presentation analyzer. 

[Translation done.] 
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